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River ecosystem health assessments are one of the hot topics in global water resources 13 management (Karr 1999; Arthington et al. 2010) . Furthermore, it is an urgent task in a 14 transition from water quantity management to water quality management, and even river biological approach compares the actual river species with the natural species in an 7 undisturbed river. However, application of this method is restricted by high data 8 requirements and the existence of an undisturbed river for comparison, which is 9 increasingly rare, especially in China (Norris and Thoms 1999). Alternatively, indicator 10 assessment approaches identify the social benefits of riverine development in addition 11 to the benefits of preserving an ecosystem's natural structure and functions (Rapport et 12 al. 1998; Fairweather 1999). The approach involves the selection and assessment of 13 some characteristic indicators, followed by comparisons with established standards to 14 quantify the health status of an ecosystem. Indicators should represent all aspects of the 15 ecosystem, including aquatic species, chemistry and physical structure. This method 16 better considers the integrity and diversity of an ecosystem and comprehensively 17 reflects ecosystem health, and it has been used to assess river ecosystems globally. 18 Examples include the index of biological integrity (IBI) (Karr 1981) ; the riparian, 19 channel and environmental (RCE) inventory (Petersen 1992); and the index of stream 20 condition (ISC) (Ladson et al. 1999) . The widespread application of this method is 21 attributable to its low data requirements. 22 River ecosystem health assessment is an urgent issue in China that faces many 23 challenges, such as high spatial heterogeneity in large river systems, rapid development 24 of the regional economy and population growth, the high density of water engineering 25 projects and increasingly serious water pollution. The Huai River Basin is representative 26 of Chinese rivers, with conflicts and tradeoffs between high population densities, 27 economic development and environmental sustainability. A comprehensive assessment 28 of river ecosystem health in the Huai River Basin would expedite the successful 29 implementation of an integrated river basin management strategy and transition from 30 water quantity management to river health management. Previous investigations were 31 focused on water quality assessments based on physical and chemical characteristics, assess the spatial distribution of ecosystem health status of the Huai River Basin; and 7 (3) to identify the environmental factors that influence the variation of river ecosystem 8 health using nonparametric multivariate analysis. This study is expected to provide the 9 basis for river monitoring and restoration programs that incorporate bioindicators and 10 support water resource planning and sustainable development in the Huai River Basin.
Material and methodology 13 Study area 14 The Huai River Basin (30°55' -36°36'N, 111°55' -121°25'E) is located in eastern China 15 between the Yangtze River Basin and the Yellow River Basin (Figure 1 Hongru River, Shaying River, Guo River, Huai River, Southern mountain rivers, Phytoplankton A total of 58 phytoplankton taxa consisting of 39 genera were 6 identified at 71 sites (Figure 3a) . The most dominant divisions, in descending order, 7 were Chlorophyta (17 genera), Cyanobacteria (12 genera), Bacillariophyta (six genera), 8 Dinoflagellate (two genera) and Euglena (two genera). Cyanobacteria and Chlorophyta 9 constituted 74.4% of all taxa and 99.8% of the total counted individuals (Figure 3a ).
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The highest diversity was observed at Dawangmiao (14 taxa) in the Huiji River, which 11 accounted for 24.1% of all taxa. The lowest diversity (2 taxa) was observed at Huaian 12 and Nanzhao in the Huai River and Sanhezha in Hongze Lake, which together 13 comprised only 3.4% of all taxa.
14 Zooplankton A total of 104 taxa consisting of 74 genera were identified, including 15 Rotifer (24 genera), Cladocera (11 genera), Copepoda (17 genera), Protozoans (11 16 genera), Nauplius (two genera) and others (nine nauplii) (Figure 3b ). The dominant 17 genera were Rotifer and Cladocera, which accounted for 65.1% of all genera and 88.1% Lamellibranchiate (seven genera), Oligochaeta (three genera), Crustacea (two genera),
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Hirudinea (one genus) and Insecta (one genus) (Figure 3c ). The predominant genera 28 were Gastropoda and Oligochaeta, which constituted 54.2% of all genera and 86.4% of 29 the total counted individuals (Figure 3c ). The highest number of taxa (10) were only 24 genera of benthic macroinvertebrates, and Gastropoda (62.3%) and 13 Oligochaeta (24.1%) were the most predominant. Thus, the whole ecosystem in the 14 Huai River Basin was in a sub-healthy condition ( Figure 4 and Table 4 ). 15 There were 31 sites in healthy condition, accounting for 44% of all sites. The Class Ⅴ.
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The other four sites were in unhealthy conditions and accounted for 5% of all sites.
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All of these sites were disturbed by intensive human activities. Pizhou and Liangshan (Table 5) .
31
Using multivariate analyses, similarity with the variation of phytoplankton, 32 zooplankton, benthic macroinvertebrate samples as well as the whole ecosystem and the 1 factors passed the significant test are shown in Table 6 and the affected proportion was 2 quantified. the most influence and accounted for 13.1% of the variation in river ecosystem health. were followed by soil (PADS), which explained 5% of variation. Soil determines the 11 availability of nutrients for ecosystem growth and decay processes. Basin, the simple economic-oriented regulation of dams and sluices, as well as water 13 quality control, should be modified with ecological outcomes as a priority, such as 14 integrated "water quantity -quality -ecology" regulation. Additionally, the threat of 15 climate change on river ecosystem should be necessarily taken into account in 16 integrated river basin management.
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As an initial exploration on the Huai River Basin ecosystem instead of the Wuhan University, China for their help to revise the paper. Thanks also to the 13 anonymous referees for their valuable comments and suggestions, which significantly 14 improved the quality of the paper. Table 3 The standard values of different indices corresponding to the different river 'p-value' is a measure of probability, the tail probability of the distribution of a test statistic in 3 statistical significance testing; 'Prop.' is the proportion of ecology variation affected by the 4 predictor; 'Cumul. Prop.' is the cumulative proportion of ecology variation affected by all the 5 predictors. 
